Extracellular adenosine is a key signaling molecule which mediates immune suppression, angiogenesis, and regulates cancer cells growth. The effect of adenosine on cervical cancer cells migration and invasion has not been well studied. In the current study, we used Hela and SiHa cell lines to evaluate the effects of adenosine on cervical cancer cells migration, invasion, and apoptosis. The results showed that adenosine treatment inhibited the migration and invasion activities of Hela and SiHa cells. Moreover, by determining the expression of molecules which were involved in epithelial to mesenchymal transition (EMT) progress, we found that epithelial marker E-cadherin was significantly increased in response to adenosine treatment, while the mesenchymal markers including N-cadherin and fibronectin were decreased. These data suggested that adenosine inhibited cervical cancer cells via repressing the EMT progress. The flow cytometry analysis showed that adenosine could also induce cervical cancer cell apoptosis, which mechanism was further confirmed by investigating the expression levels of apoptosis related molecules, via activating mitochondrial apoptosis pathway. These data might suggest that adenosine could be used as an agent for the treatment of cervical cancer.
Cervical cancer, a cancer arising from cervix is due to the abnormal proliferation of cells that have the ability to evade growth suppression. Cervical cancer is high in the rank of cancers affect women, with both the fourth-highest incidence and the fourth-highest fatality rate among women worldwide [1] . Infection with specific types of human papilloma virus (HPV) has been found to be involved in the development of most of cervical cancer cases [2] . Other factors, such as smoking, a weak immune system, numbers of sexual partners and hormonal contraceptive, also seem to be involved in the cervical cancer progression [3, 4] . These risk factors can lead to the alterations of proliferation and invasion of epithelial cells, and finally, trigger cervical cancer development and metastasis. Thus, the effective treatment for cervical cancer will require agents to suppress the proliferation and invasion of cervical cancer cells.
Adenosine is a metabolite from ATP degradation which is catalyzed by ectonucleotidase cascade [5] . As an important purine signaling molecule in tumor microenvironment, adenosine has been found to be involved in cancer growth and progression [6, 7] . Firstly, accumulating data have shown that adenosine can mediate immune suppression in vivo [8] . High levels of adenosine in tumor microenvironment could inhibit immune response through multiple pathways, which include block of the NK cells lytic activity [9, 10] , deregulation of mononuclear phagocyte cell differentiation and maturation [11] , and suppression of effector T cells [12] . In addition to the immune suppression effect, several evidences have supported that adenosine can also stimulate tumor angiogenesis via increasing vascular endothelial growth factor production [13, 14] . Apart from immune suppression and pro-angiogenic action roles of adenosine, recently, researchers investigated the direct effect of extracellular adenosine on cancer cells proliferation in vitro by adding adenosine into culture medium [8, [15] [16] [17] [18] [19] , and interestingly, opposing effects of adenosine on different cancer cell lines were found (i.e., inhibited cells proliferation in some cell lines and promoted in others) [16, 17, 19] .
The effect of extracellular adenosine on human cervical cancer cells migration and invasion has not been well studied.
In the present study, we investigated the effect of extracellular adenosine on migration and invasion of Hela and SiHa cell lines. Our results revealed that adenosine could also diminish cervical cancer cells migration and invasion through repressing the EMT progress. Moreover, adenosine also induces apoptosis via the mitochondrial apoptosis pathway.
Materials and methods
Cell culture. Two human cervical cancer cell lines, Hela and SiHa (American Type Culture Collection, ATCC), were used in this study. The cells were grown adherently in DMEM medium (Gibco, Carlsbad, NY, USA) supplemented with 10% heat-inactivated Fetal bovine serum (FBS, Sijiqing Biotec, Hangzhou, China) in a humidified incubator with 5% CO 2 at 37 °C.
Migration assays. The effect of extracellular adenosine on Migration of Hela and SiHa cells was examined by scratch assay. Cells were cultured in six -well plate with complete medium (DMEM plus 10% FBS). The scratch was performed with a pipette tip when cell density reached to 80%. Once scratch was made, cells were gently washed by PBS twice, following cultured with serum-free medium containing different concentration of adenosine (0, 10 μΜ, 100 μΜ, 1 mM). Images were captured immediately and 24 h after the scratch was made. The cell migration distance was measured by HMIAS -2000 software. The migration ability of cells was mirrored by relative migration ratio: Relative migration ratio = (Start distant -End distance) / Start distance.
Invasion assay. Invasion assay was performed in transwell chamber. Cells were seeded in matrigel coated filters (5 x 10 4 cells / fliter) and cultured with 200 μl serum-free medium (0, 10 μΜ, 100 μΜ, 1 mM adenosien plus). 500 μl completed medium was added to lower compartments of the chambers. After 24 h incubation in the 5% CO 2 incubator at 37 °C, the cells on the upper surface of the filter was wiped off using a swab, while cells that invaded through the filter were fixed, stained with crystal violet and counted.
Cell apoptosis analysis. Cell apoptosis was detected using the annexin V-FITC apoptosis detection kit (KeyGEN Bio-TECH, Nanjing, China). Briefly, Hela and SiHa cells treated with 500 μΜ adenosine for 48 h were collected and washed with PBS twice, stained for 15 min in the dark at room temperature with annexin V-FITC and propidium iodide (PI), and the cells treated with PBS was also stained as negative control. Following that, cell apoptosis was examined using FACS calibur flow cytometer (BD Biosciences, San Jose, USA). The percentage of apoptotic cells was calculated with WinMDI software. The cell apoptosis = early apoptosis (Quadrant 4) plus late apoptosis (Quadrant 1).
Quantitative real-time RT-PCR. Total RNA was isolated from cells using Trizol reagent, then 1 μg of RNA were used for cDNA synthesis by using Primescript RT Master (Takara, Dalian, China). RT-PCR was carried out using the SYBR Green kit (Invitrogen, Carlsbad, USA) according to the manufacturer's instructions. The relative expression levels of genes were normalized to the endogenous housekeeping gene β-actin. The primers sequences are listed in Table 1 .
Western-blot analysis. Cells were harvested in lysis buffer (20 mM Tris-Hcl, 0.5% NP-40, 0.5 mM PMSF). The protein concentration was determined by BAC protein quantify kit (Dingguo Biotech, Beijing, China). 50 μg of protein sample was loaded for SDS-PAGE, and then transferred onto PVDF membranes. Membranes were incubated in blocking buffer (5% non -fat dried milk in PBST (PBS containing 0.1% tween-20)) for 2 h at room temperature, and then incubated with primary antibody overnight at 4 °C. After washed with PBST for three times (each for 15 min), membranes were incubated with secondary antibody for 2 h at room temperature. After washed with PBST, proteins were detected with western blotting luminol reagent (Santa Cruz Biotechnology, Santa Cruz, USA), β-actin expression were used as the internal standard.
Statistical analysis. The data are expressed as the mean ± standard deviation. Statistical evaluation of the data was performed by one-way analysis of variance. Data comparisons were conducted by using the Student's t-test. P < 0.05 was considered to be statistically significant.
Results
Adenosine inhibits migration and invasion of cervical cancer cells. In the current study, we investigated the role of extracellular adenosine on cervical cancer cells migration and invasion, which are the two prerequisite of aggressive behaviour of cancer cells. As shown in Figure 1A , B, treatment with extracellular adenosine significantly diminished migration ability of Hela and SiHa cells. After treatment with 100 μΜ of adenosine for 24 h, the distance of adenosine treated Hela and SiHa cells migration was decreased by 20 % and 24 %, while 1mM of adenosine diminished Hela and SiHa cells migration by 32 % and 33 % (Fig. 1B) . Moreover, extracellular adenosine also suppressed cervical cancer cells invasion. As shown in Figure 1C , compared with control cells, treatment with 100 μΜ of adenosine significantly reduced the number of invaded Hela and SiHa cells by 21% and 16% respectively (Fig. 1C) . These finding demonstrated that adenosine could diminish the aggressive behaviour of cervical cancer cells.
MMP-2 and MMP-9 expression were not influenced by adenosine treatment. Given that matrix metalloproteinases (MMPs) usually play important role in tumor invasion and metastasis, we determined the effect of adenosine on MMP-2 and MMP-9 expression in Hela and SiHa cells. However, RT-PCR results showed that expression level of MMP-2 and MMP-9 were not changed in response to adenosine treatment in both Hela and SiHa cells (Fig. 2C) . This result demonstrates that adenosine-dependent inhibition of cervical cancer cells migration is not via affect the expression of MMP-2 and MMP-9.
Adenosine treatment decreases mesenchymal markers while increases epithelial markers. The EMT has been well recognized as a crucial step in promoting tumor metastasis. During EMT progress, the characteristic are the loss of epithelial markers such as E-cadherin while increase of mesenchymal markers such as N-cadherin and fibronectin. In the present study, we investigated the effect of adenosine treatment on EMT markers in Hela and SiHa cells. The RT-PCR and western-blot results showed that the epithelial marker E-cadherin was higher expressed in adenosine treated cervical cancer cells in compared with control cells (Fig. 2B, C) . Conversely, the expression of mesenchymal markers fibronectin and Ncadherin were decreased in response to adenosine treatment (Fig. 2B) . Moreover, the expression of another key EMT mediator -Snail, which functions as a transcriptional repressor of E-cadherin is also reduced in adenosine treated cells (Fig. 2A,  B) . These results suggested that adenosine inhibited migration of cervical cancer cell via repressing EMT progress.
Adenosine induces apoptosis of cervical cancer cells via mitochondrial apoptotic pathway. We also evaluated the effect of adenosine on cell apoptosis by flow cytometry detection. As shown in Figure 3 , The percentage of apoptotic cells of control were only 1.28% and 1.59%, while total apoptotic cells of adenosine treated Hela and SiHa cells reached 19.84% and 18.73% respectively (Fig.  3) . And then, in order to understand the mechanisms of cancer cells apoptosis induced by adenosine, the expression levels of pro-apoptotic proteins (Bax and Bak) and antiapoptotic proteins (Bcl-2 and Mcl-1) were analyzed. The results showed that adenosine treatment caused significant reduction of Bcl-2 expression by 30% in both cells, while the expression levels of Bax and Bak were up-regulated by about 52%, 63% and 29%, 38% in Hela and SiHa cells, respectively (Fig. 4) . Moreover, caspase-3 expression was also increased by 83% and 51% in adenosine treated Hela and SiHa cells compared to control cells (Fig. 4) . These findings suggested that extracellular adenosine induced apoptosis of cervical cancer cells via activating mitochondrial apoptosis pathway.
Discussion
Adenosine signaling has emerged as an important player in cancer progression. The effect of adenosine on cervical cancer cells is not well studied. This study was undertaken to evaluate the effect of adenosine in migration, invasion and apoptosis of Hela and SiHa cells in vitro. The major findings of the present study are summarized as followings: 1) Extracellular adenosine inhibits the migration and invasion of cervical cancer cells through repressing the EMT progress. 2) Extracellular adenosine induces apoptosis of cervical cancer cells via the mitochondrial apoptosis pathway.
Metastasis is a vicious characteristic of malignance cancers. During cancer metastasis, enhanced motility of cancer cells is the prerequisite. In this study, we found that the extracellular adenosine had migration and invasion inhibition effect in cervical cancer cells. As the epithelial to mesenchymal transition has been recognized an important event which involved in the cancer cell obtaining the invasive phenotype. EMT renders the cancer cells more migratory and invasive capacities. During EMT process, the expression of epithelial markers is reduced while mesenchymal markers are increased. Thus, we determined the effect of adenosine in EMT markers expression in Hela and SiHa cells. In response to adenosine treatment, the expression level of epithelial marker -E-cad- herin was significantly increased. E-cadherin is a key protein of cell-cell junction to hold epithelial cells tight together, and acts as a metastatic suppressor. Previous studies have shown that loss of E-cadherin expression is a prerequisite for metastasis of tumor cells [20] [21] [22] . Oppositely, the expression of mesenchymal markers (N-cadherin, fibronectin, Snail) was significantly reduced in response to adenosine treatment. Thus, our results demonstrated that adenosine inhibited the migration and invasion of cervical cancer cells through repressing the EMT progress.
Programmed cell apoptosis prevents the uncontrolled proliferation of potentially tumorigenic cell and thus serves as a natural barrier to cancer development [23, 24] . The apoptotic trigger is controlled by counterbalancing of pro-apoptotic and anti-apoptotic proteins [25, 26] . In this study, adenosine induces apoptosis of Hela and SiHa cells. We found that adenosine up-regulated the pro-apoptotic molecule Bax and Bak while down-regulated the anti-apoptotic molecule Bcl-2, which meant that the balance between pro and anti-apoptotic factors was destroyed, and subsequently, the increased Bax and Bak could disrupte the integrity of the outer mitochondrial membrane, causing the release of a cascade of pro-apoptotic signaling molecule (the most important of which is caspase-3) which played the function via their proteolytic activities to induce the multiple cellular changes, and finally resulted in the apoptosis of cells. Indeed, our result showed that caspase-3 was significantly increased in Hela and SiHa cells after adenosine treatment. Thus, our finding demonstrated that adenosine induces cervical cells apoptosis via activating the mitochondrial apoptosis pathway. 
